Context. Measurement and improvement of informal caregiver burden are central aims of policy and intervention. Burden itself is a complex construct, and total burden can differ by patient diagnosis, although how diagnosis affects different aspects of caregiver subjective burden is unclear.
Introduction
The caregiver (or informal carer) holds a unique position of both providing and needing support. Caregivers can bear personal financial costs, which are comparable to or more expensive than those of inpatient care 1e3 and can suffer many health problems, such as poor psychological morbidity, 4e6 impaired immune function, 7 and deterioration in overall health. 8 In addition, caregiving itself is an independent risk factor for mortality in caregivers older than 65 years 9 and increased coronary heart disease risk.
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Health and social policy have given increasing responsibility to caregivers of patients with acute or chronic illness. As populations age, the burden of care will fall increasingly on caregivers (families, significant others, and friends). 11 Without caregivers who themselves have adequate health and well-being (both physical and psychological), patient home discharge from acute care may be delayed, domestic informal care arrangements more likely to break down, 12 unplanned patient admissions/transfer to institutional care more likely, and higher levels of costly professional input in the home required. 13 As increasing number of people become informal caregivers, the provision of support and health care to caregivers to both enable them to care and reduce their morbidity and mortality is becoming a pressing public health issue. An established body of evaluative research exists examining the efficacy of interventions for informal caregivers in dementia 14, 15 and older patients in general. 16, 17 Evidence is also growing in cancer, 18 ,19 acquired brain injury (ABI), 20, 21 and palliative care. 22, 23 A central methodological challenge to the science of intervention valuation studies among caregivers is the lack of appropriate ways to measure caregiver outcomes. The goals of many caregiver interventions are linked with perceived caregiver burden, which itself is associated with negative health outcomes in caregivers of those with common conditions, such as dementia, stroke, and cancer. 24e26 In caregivers of these and other life-limiting conditions, burden has been shown to predict lower quality of life, 27 anxiety, depression, and collapse (carer breakdown). 12 The concept of burden is commonly applied in health care studies of caregivers and can be defined as both objective burden (the social impact on daily life) and subjective burden (the perception of emotional, social, and relationship strains, anxiety, and depression). 28, 29 Interventions must respond to the needs of specific caregiver populations (and also be individually tailored within diagnostic groups) and not assume that caregivers of different patient diagnostic groups experience similar levels of subjective burden, or that their subjective burden is constituted by identical domains of need.
Among the existing tools that measure the level of subjective burden among caregivers (hereafter referred to as caregiver burden), the 22-item Zarit Burden Inventory (ZBI) 30 is one of the most widely used 31 and has shown reliability in assessing burden of caregivers of patients with dementia, physical illness, and mental illnesses. 32 Two subscales have been derived from the ZBI using factor analysis: personal strain and role strain, 33, 34 which are used to group certain caregiver burden questions together, reflecting psychological aspects and the general impact on the caregiver's life, respectively. 35 These two subscales have been examined in dementia caregivers 36 and evaluated in ABI caregivers. 35 Additionally, a cutoff score of 24 (within the ZBI total range of 0e88) has been statistically derived for medical practitioners to identify and assess caregivers at risk of depression and encourage them to seek support. 37 Some differences in caregiver burden between diagnostic groups have been identified using the ZBI (total burden score), specifically between types of dementia, 38 dementia and nondementia patients, 39, 40 and between Parkinson's disease and dementia caregivers in Tanzania. 41 Caregivers of patients with advanced cancer, dementia, and ABI may face not only some common challenges but also some differences in burden. To our knowledge, no previous study has provided a detailed comparison of subjective burden between these groups, using ZBI subscales and individual question comparisons to further investigate differences in burden by these diagnostic groups. These groups were selected as three quite different patient groups; dementia caregivers usually provide long-term care to elderly people; ABI patients are generally younger; and advanced cancer has a shorter disease trajectory.
The aim of this analysis was to compare caregiver burden scores (total, subscale, and individual questions) among relatively large samples of caregivers of three diverse groups of patients; advanced cancer, dementia, and ABI.
Methods

Design and Data Sources
This secondary analysis used data pooled from four studies of caregivers (n ¼ 451) of patients with advanced cancer (n ¼ 105), dementia (n ¼ 131), and ABI (n ¼ 215): 4 . Baseline data from a prospective longitudinal cohort study of caregiver burden in dementia involving participants from South East London. 3, 25 Each study collected data from caregivers using the self-report 22-item ZBI (ZBI-22), with interviewers present in the advanced cancer and dementia studies to collect the questionnaire data and provide support to respondents if needed. In the ABI study, the postal questionnaire was followed up by telephone interviews with caregivers, enabling missing or ambiguous scores to be clarified.
Responses to each of the 22 items in the ZBI were made on five-point Likert scales from 0 (never) to 4 (nearly always). Overall burden was assessed by the total score of all items, with a higher score representing a greater caregiving burden. In addition to the ZBI, the pooled data set contained basic demographic data: caregiver age, gender, relationship to patient, and patient diagnosis. All analyses used anonymous records with no personal identifiable information; therefore, ethical approval was not required for this secondary analysis. Full ethical approval was separately granted for each of the original studies.
Statistical Analysis
Sample Characteristics. Demographic characteristics among the three groups were compared using the Kruskal-Wallis test for age and the Chi-squared or Fisher's exact tests (as appropriate) for gender and relationship to patients.
ZBI: Overall, Subscale, and Individual Question Scores. The total score, personal strain score, and role strain score of the ZBI were summarized by boxplots in the three diagnostic groups. Subsequently, the mean score of each of the 22 individual items was plotted and connected with nonsmoothed lines to provide a visual profile comparison by diagnostic groups. The group differences in mean individual question scores and summary subscale scores were examined using the general linear model. The model was adjusted for caregiver age, gender, and relationship to patient. Variables for inclusion in the model were selected based on both P-values (P # 0.05) in the univariate test and the previous literature, that is, a variable would also be included into the model if prior evidence showed it is an important predictor for caregiving burden but did not show significance in the univariate testing. We used this variable selection strategy because the conventional significance-alone method often leads to the deletion of important confounders, thus increasing vulnerability to bias. 45 Holm-modified Bonferroni procedure was used to control the Type I error for multiple testing. The previously derived cutoff total ZBI score of 24 was used to classify those at risk of depression. 37 A two-tailed 0.05 level of significance was used for all statistical tests. All analyses were carried out using the SAS 9.1 package (SAS Institute, Inc., Cary, NC).
Results
Sample Characteristics
The demographic characteristics of three caregiving populations are presented in Table 1 . There were statistically significant differences for both age and kin relationship distribution across the three groups. Caregivers of patients with advanced cancer were older than those of ABI (P < 0.0001) and dementia (P < 0.0001) patients, and the caregivers for ABI were among the youngest (dementia vs. ABI: P ¼ 0.014). There was no difference in gender distribution across the three groups (c Vol. -No. --2015 there was no difference between advanced cancer and dementia (P ¼ 0.27).
ZBI: Overall, Subscale, and Individual Question Scores Fig. 1 presents boxplots showing score distributions of total ZBI and the two subscales, personal strain and role strain, in informal caregivers of advanced cancer, dementia, and ABI patients. Caregivers of patients with advanced cancer had the lowest score on the total and two subscales, and those caring for ABI had the highest score on the same three subjective burden scales.
Most observed differences in raw scores of global burden were significant (P ABI vs. Cancer < 0.0001, P ABI vs.
Dementia ¼ 0.020, P Cancer vs. Dementia ¼ 0.029), personal strain (P ABI vs. Cancer < 0.0001, P ABI vs. Dementia ¼ 0.06, P Cancer vs. Dementia ¼ 0.039), and role strain (P ABI vs. Cancer < 0.0001, P ABI vs. Dementia ¼ 0.012, P Cancer vs. Dementia ¼ 0.027). These differences remained significant even after the difference in caregivers' age, gender, and relationship to the patient among the three groups were taken into account. Here, caregiver age and relationship were selected into the model on the basis of their statistical significance in the univariate testing and gender on the prior evidence as an important predictor of subjective caregiving burden.
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The raw mean and SD were calculated for individual items of the inventory and are displayed in Table 2 . A profile chart plotted with the adjusted means is also presented (Fig. 2) . Item-specific score showed a similar pattern with that of the global and two subscale scores: the ABI group of caregivers had the highest, whereas the advanced cancer group had the lowest mean score on most of the ZBI items. Most of the differences between ABI and advanced cancer (17 of 22) reached significance level. The differences of half of the ZBI items (q4eq6, q9, q11, q12, q18, and q20eq22) were statistically significant between advanced cancer and dementia, but only six (q1eq3, q17, q20, and q21) of 22 items were significant between ABI and dementia. There was no significant difference observed on five items (q7, q8, q14, q15, and q19) across three diagnostic groups.
With a total score of 24 as the cutoff point, 49%, 56%, and 79% of caregivers for patients with advanced cancer, dementia, and ABI, respectively, were deemed as at risk for depression ($24). The proportion of those at risk for depression using this cutoff was significantly different across three groups (P < 0.001, c 
Discussion
In this first comparison of these particular caregiver groups, there are several key findings from our data that may inform future research methods and intervention strategies to support the high needs of informal caregivers of these diagnosis groups, who are often a neglected population.
In our samples, the age of caregivers and their relationship to patients differed significantly between the three diagnostic groups. Caregivers of advanced cancer patients were older, whereas ABI caregivers were significantly younger, meaning that their needs are likely to vary, for example, physical morbidity, opportunity cost in terms of lost employment, and relationship issues (e.g., managing loss of aspects of their relationship). The nature of the relationship between caregiver and patient also varied; with a larger number of ABI caregivers being parents of the patient, cancer caregivers being partners, and dementia caregivers Fig. 1 . Boxplots for total, personal strain, and role strain scores in carer population for cancer, dementia, and acquired brain injury (ABI).
being patients' children. These differences emphasize the need to understand the nature of the relationship and its contribution to burden within different diagnostic groups when designing and delivering supportive interventions.
Although all caregivers were burdened in the samples, the ABI caregivers consistently self-reported higher subjective burden (total, both subscales, and individual questions) than the caregivers of the other two diagnostic groups. This may be because ABI caregivers spend more time on daily caring activities in the longer term compared with carers of patients with dementia or advanced cancer. Moreover, behavioral problems that many people with ABI present with, such as aggression, are known to be strong predictors of caregiver burden, and ABI patients attract fewer accessible and specific services than the other groups. 40 These reasons also may be contributory factors to differences between the ABI and advanced cancer caregivers on most individual items of the ZBI. Although the advanced cancer caregiving population reported lower comparative burden than the ABI and dementia caregivers, we urge caution when interpreting these particular findings. First, it is important to note that the advanced cancer caregivers were sampled from specialist palliative care services, and the aim of palliative care is to support the family caring unit alongside the patient. 47 Therefore, we would expect the caregiving burden of similar patients in the absence of palliative care to be higher, 48, 49 and palliative care is still only received by a fraction of those who may benefit from it. 50 Second, as the ZBI was originally developed to assess burden in dementia caregivers, it might not catch all important aspects of caregiving for advanced cancer patients. Usually, a shorter but more intense period of informal caregiving occurs for advanced cancer patients compared with dementia or ABI patients. 23, 51 It is interesting to note the behavior of the individual Zarit items between the groups where no differences between groups were detected (five of the 22 items). The populations sampled scored similarly for items describing caregiver feeling afraid of the future, feeling the patient is dependent on them, feeling that the patient expects their caregiver to take care of them, having money concerns, and feeling unsure what to do. These items are indicative of a combination of two main themes: a sense of dependency and responsibility, and practical concerns. The first two of these five particular questions (dependency on carer and feeling afraid for the future) have the highest of individual mean scores in each of the diagnosis groups, suggesting these are common concerns among all caregivers. The other three are fairly consistently low scoring. Our data suggest that these constituent items of caregiver burden do not vary in their severity between caregiving populations. This study is the first comparison of large groups of caregivers of those with advanced cancer, dementia, and ABI, which are conditions that are all increasingly relevant with an aging population and rising incidence of cancer and dementia. The larger sample size of the ABI study was perhaps reflective of it being a nationwide (U.K.) study, whereas the other diagnostic group participants were drawn from South London. Nevertheless, the number of participants in each group is relatively large compared with previous comparisons of caregiver burden between diagnostic groups.
We recognize several limitations of this study. First, methodological differences between the original data sets (data collection, sampling strategies, and instrument bias) could explain some of the differences in caregiver burden between the diagnosis groups, as could the differences in caregiving characteristics for each diagnosis group, although caregiver characteristics were controlled for in this analysis. Second, our analyses were restricted to the limited number of common demographic variables in the pooled data set and did not include information about whether the caregiver was the primary carer and if they lived with the patient; therefore, we could not identify any further associations beyond the common covariates. However, key variables previously identified in the literature are included (caregiver age, gender, and relationship to patient), and caregiver (rather than patient) characteristics were more strongly associated with high burden in a previous comparison. 52 Third, the performance comparisons were evaluated with crosssectional data; therefore, we can neither take into account the changing nature of caregiver burden over time as a disease progresses nor address causality. Finally, the cutoff point for depression risk using the ZBI 53 has not been validated or reliably tested. Additionally, the sensitivity (true positive) and specificity (true negative) for all caregivers were 72% and 63%, respectively, meaning that 28% of those above the cutoff score will not be at risk for depression and 37% of those scoring below 24 will be at higher risk. Caution, therefore, should be applied to the interpretation of the results of the depression risk in each diagnosis groups and differences between groups.
These results offer new data to support responsive interventions to the needs of different caregiving populations and to differentiate between diagnosis groups for the support needed, particularly for mental health care. Further work exploring the use of the ZBI as a tool for caregiver burden in different diagnosis groups (i.e., revalidation), either the 22 item or previously validated short forms, 31 would expand the evidence base to detect differences between these caregiving populations. We also would recommend further prospective research into caregiver burden using longitudinal methods to investigate the changing nature of caregiving during different disease trajectories. 
